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SUBSTITUTE SPECIFICATION 


TITLE OF THE INVENTION 
SILYLATION TREATMENT UNIT AND METHOD 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is based upon and claims the benefit of priority from the prior 
Japanese Patent Application No. 1 1-328269, November 18, 1999, the entire contents of 
which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

The present invention relates to a silylation treatment unit and a silylation treatment 
method for performing a silylation treatment on a surface of a substrate, such as a 
semiconductor wafer or an LCD substrate. 

In manufacturing a microelectronic device, such as a semiconductor integrated circuit, 
much higher performance is required for the lithography technology and the resist material 
being used, as the pattern being processed on the silicon wafer becomes finer. 

With regard to the lithography technology being used for manufacturing the device, 
the wavelength of the light used for exposing the pattern is becoming shorter with both an i- 
ray source and a KrF excimer laser source being used. 

The lithography is performed with the i-ray by using a photosensitizer of a novolac 
resist as a base resin. However, when using an excimer laser source to provide the shorter 
wavelength, the required fineness can not be achieved because the novolac resist has a high 
light absorption characteristic. Therefore, a resist using a phenolic ring compound has been 
suggested as a substitute. Although such a phenolic resist has an advantage in increased 
plasma resistance, the phenolic resist has an extremely high light absorptance, especially as 
the wavelength becomes shorter. Thus, light of short wavelength does not reach deep enough 
when an excimer laser light source is used. 

A silylation method is a method having enough sensitivity and an improved plasma 
resistance, even when the light source used has a short wavelength, such as that of the 
excimer laser light source, with this silylation method, a resist pattern having enough 
selectivity can be formed by exposing the photosensitizer to a predetermined pattern image, 
performing a silylation on the surface of thus-exposed photosensitizer, and performing dry 
developing using the silylation treated photosensitizer as a mask. 
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There is a problem, however, that the silylation reaction of the silylation method has 
an extremely high temperature dependency, such that the silylation reaction progresses 
ununiformly within the surface of a wafer if the temperature within the surface of the wafer is 
ununiform. Therefore, it is necessary to insure the uniformity of the silylation layer in order 
5 to employ the silylation method. To solve this problem, various conventional measures have 
been taken relative to hardware structures, such as the structure of the treatment chamber, 
the supplying method for the silylation atmosphere, and using a precision hot plate. However, 
even though the uniformity of the silylation layer can be improved by these measures, a 
minute defect in the hardware structure can prevent the uniform formation of the silylation 

1 0 layer, since its processing condition depends on the hardware. 

BRIEF SUMMARY OF THE INVENTION 
The present invention solves the aforementioned problem and its object is to provide 
a silylation unit and a silylation treatment method which are capable of obtaining a uniform 
silylation layer without depending on the hardware structure. 

1 5 According to a first aspect of the present invention, there is provided a silylation unit 

comprising a chamber, a heating mechanism provided in the chamber for heating a substrate, 
a supplying mechanism for supplying a vapor including a silylation reagent into the chamber, 
and a substrate holder for holding the substrate in the chamber, in which an interval between 
the heating mechanism and the substrate is adjustable to at least three fixed levels or more. 

20 When structured as above, it is possible to receive the substrate in a condition where 

it is least influenced by the heat in the chamber by maximizing the spacing from the heating 
mechanism, to them bring the substrate comparatively closer to the heating mechanism to 
wait there until the temperature inside the chamber obtains a high planer uniformity, and to 
then bring it closer to the heating mechanism only after the high planer uniformity of 

25 temperature is obtained such that the silylation reaction occurs. Thus, by holding the 

substrate at a predetermined spacing from the heating mechanism until the heating by the 
heating mechanism becomes uniform, silylation under the ununiform silylation atmosphere 
does not occur. Therefore, the uniform silylation layer can be obtained without depending on 
the hardware structure. 

30 According to a second aspect of the present invention, there is provided a silylation 

treatment method comprising the steps of bringing the substrate into the chamber and 
disposing it at a predetermined spacing from the heating mechanism provided in the 



chamber, supplying vapor including the silylation reagent into the chamber such that the 
chamber is filled with an atmosphere containing the silylation reagent, raising the 
temperature of the chamber using the heating mechanism, then bringing the substrate closer 
to the heating mechanism such that the silylation atmosphere is dispersed uniformly inside 
5 the chamber at a temperature where the silylation reaction of the substrate does not occur, 
and further then bringing the substrate even closer to the heating mechanism to raise the 
temperature of the substrate such that the silylation reaction occurs on the surface of the 
substrate. 

According to this method, it is preferable that the spacing between the heating 
10 mechanism and the substrate is adjustable to at least three or more maintainable levels. Also, 
it is preferable that the substrate almost contacts the heating mechanism during the silylation 
reaction. 

Further, the silylation treatment can be completed simply by supplying an inert gas 
into the chamber for replacing the vapor including the silylation reagent. Further, an 
1 5 excessive silylation reaction can be prevented by spacing the heating mechanism further from 
the substrate before replacing the gas inside the chamber. 

Moreover, when the silylation atmosphere is being introduced under the condition 
that the heating mechanism and the substrate are disposed at a predetermined spacing, the 
volume of the gas decreases inside the chamber by reducing the pressure inside the chamber 
20 so that the gas flow inside the chamber is stabilized and the uniformity of the density of the 
silylation reagent is further increased. 

Furthermore, by causing the silylation reaction to occur while stopping the supply of 
the silylation reagent into the chamber without any gas being exhausted from the chamber, 
this stops the gas flow inside the chamber and the silylation reaction is made to occur while 
25 maintaining the uniform silylation atmosphere so that a planer uniformity of the silylation 
reaction on the wafer further increases. 

Additional objects and advantages of the invention will be set forth in the description 
which follows, and in part will be obvious from the description, or may be learned by 
practicing the invention. The objects and advantages of the invention may be realized and 
30 obtained by means of the instrumentalities and combinations particularly pointed out 
hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
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The accompanying drawings, which are incorporated in and constitute a part of the 
specification, illustrate presently preferred embodiments of the invention, and together with 
the general description given above and the detailed description of the preferred 
embodiments given below, serve to explain the principles of the invention. 
5 FIG. 1 is a top view showing the whole structure of a silylation treatment unit 

according to a first embodiment of the present invention; 

FIG. 2 is a vertical sectional view showing the whole structure of the silylation 
treatment unit according to the first embodiment; 

FIG. 3 is a perspective view of a supply ring according to the first embodiment; 
10 FIG. 4 is a view showing the whole structure of the silylation treatment unit according 

to the first embodiment, together with a control system; 

FIG. 5 is a view of the whole structure of a resist treatment system having the 
silylation treatment unit according to the first embodiment; 

FIG. 6 is a side view of the resist treatment system having the silylation treatment unit 
15 according to the first embodiment; 

FIG. 7 is a front view for explaining the functions of the resist treatment system 
having the silylation treatment unit according to the first embodiment; 

FIGS. 8 A, 8B, and 8C are views showing a process of the silylation treatment 
according to the first embodiment; 
20 FIG. 9 is a view showing a flow chart of the silylation treatment according to the first 

embodiment; 

FIG. 10 is a view showing a flow chart of a modification of the silylation treatment; 
FIG. 1 1 is a perspective view of another modification of the supply ring; 
FIG. 12 is a plane view of still another modification of the supply ring; 
25 FIG. 13 is an explanatory view of a side section showing the airflow when the supply 

ring in FIG. 12 is used; 

FIG. 14 is an explanatory view of a side section explaining another modification of 
the silylation treatment unit according to the present invention; 

FIG. 15 is an explanatory view of a side section explaining another modification of 
30 the silylation treatment unit according to the present invention; and 

FIG. 16 is a perspective view of another modification of the supply ring. 
DETAILED DESCRIPTION OF THE INVENTION 



-5- 


Hereinafter, preferred embodiments according to the present invention will be 
explained with reference to the attached drawings. 
(First embodiment) 

In this embodiment, a silylation treatment unit of the present invention which is 
5 applied to a resist treatment system for a semiconductor wafer will be explained. 

FIGS. 1 and 2 are a plane view and a vertical sectional view showing the structure of 
the silylation treatment unit, respectively. 

As shown in FIG. 1, a silylation treatment unit 1 includes a base block 2. The base 
block 2 is hollow and comprises a base block side portion 2a which defines its side and a 
10 base block bottom portion 2b which defines its bottom. Further, a horizontal masking shield 3 
is attached horizontally to the base block bottom portion 2b at a position of a predetermined 
height of the base block side portion 2a. A circular opening 4 is formed in the horizontal 
masking shield 3 and a hot plate 5 is received as a heating mechanism in this opening 4. The 
horizontal masking shield 3 supports the hot plate 5 by a supporting plate 6. 
15 A treatment chamber 7 for performing a silylation treatment is defined by the base 

block side portion 2a, the horizontal masking shield 3 and a cover 8. Openings 7 A and 7B are 
respectively formed in the front side and the back side of the treatment chamber 7 and a 
wafer W is carried into/out of the treatment chamber 7 through the openings 7A and 7B. 
Three holes 9 are penetratingly formed in the hot plate 5 and lifter pins 10 are 
20 respectively inserted through each of the holes 9 as wafer W holders. Three lifter pins 10 are 
connected and supported by an arm 1 1 , and the arm 1 1 is supported by, for example, a rod 
12a of a vertical cylinder 12. When the rod 12a is projected from the vertical cylinder 12, the 
lifter pins 10 are projected so as to lift the wafer W from the hot plate 5. 

The height of the lifter pins 10 which support the wafer W at three points is adjustable 
25 to three wafer holding levels such as low, medium and high (hereinafter each height is 

referred to as the low level, the medium level and the high level). At the low level, the lifter 
pins 10 do not project from the surface of the hot plate 5. Therefore, the spacing between the 
wafer W which is held by the lifter pins 10 and the surface of the hot plate 5 is theoretically 0 
mm, but the spacing in the actual structure of the unit is, for example, about 0.1 mm. At the 
30 medium level, the lifter pins 10 project from the surface of the hot plate 5, for example, by 7 
mm. Further, at the high level, the lifter pins 10 project from the surface of the hot plate 5, for 
example, by 1 8 mm. The wafer W is transferred by a carrier mechanism which is not 
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illustrated from another treatment mechanism at this high level. 

As shown in FIG. 2, a ring-shaped shutter 13 is attached at the outer circumference of 
the hot plate 5. The shutter 13 is supported by a rod 16a of a vertical cylinder 16 through an 
arm 15 so that it is able to ascend and descend. This shutter 13 is retreated to a low level 
5 when the treatment is not performed, but rises when the treatment is performed to position 
itself between the hot plate 5 and the cover 8. At the inner circumference of the shutter 13, a 
ring-shaped supply ring 14 is disposed in such a manner to surround the hot plate 5. 

FIG. 3 shows the perspective structure of the supply ring 14 in detail. As shown in 
FIG. 3, the supply ring 14 includes an annular ring member 14b. Many supply holes 14a are 

10 formed along the inner circumference of the ring of the ring member 14b at pitch intervals of, 
for example, the central angle of 2°. Four supply paths 14c are opened at the bottom surface 
of the ring of this ring member 14b and at the symmetrical positions with respect to the 
center of the ring of the ring member 14b. These supply paths 14c communicate with a 
silylation reagent supply source (not illustrated) outside the base block 2 through the 

15 openings provided at the base block bottom portion 2b. 

In the center of the cover 8, an open exhaust port 18 that communicates with an 
exhaust pipe 17 is provided. The gas generated in the heating treatment or the like is 
exhausted through this exhaust port 18. The exhaust pipe 17 communicates with a duct 19 (or 
20) at the front side of the unit or another duct not illustrated. 

20 A machine room 2 1 is provided under the horizontal masking shield 3 . The machine 

room 21 defines its periphery by the sidewall of the duct 19, a sidewall 22 and the base block 
bottom portion 2b. Inside the machine room 21, for example, the hot plate supporting plate 6, 
the shutter arm 15, a lifter pin arm 1 1, an elevating cylinder 16, and the elevating cylinder 12 
are provided. 

25 As shown in FIG. 1, four protrusions 23, for example, are provided on the upper 

surface of the hot plate 5 and the wafer W is positioned by these four protrusions. Further, a 
plurality of small protrusions (not illustrated) are provided on the upper surface of the hot 
plate 5, where the tops of these small protrusions contact with the wafer W when the wafer W 
is mounted on the hot plate 5. Thus, a minute space (about 0.1 mm) is formed between the 

30 wafer W and the hot plate 5 so that the bottom surface of the wafer W is free from dust and 
scratch. 

Next, a control system and a silylation reagent vapor supplying mechanism of the 



silylation treatment unit are explained with reference to FIG. 4. 

As shown in FIG. 4, each of the supply paths 14c communicates with a silylation 
reagent vapor supply pipe 3 1 and this silylation reagent vapor supply pipe 3 1 supplies the 
silylation reagent vapor which is generated in a bubbler tank 32 into the treatment chamber 7. 
5 A mass flow controller 33 is provided to the silylation reagent vapor supply pipe 31, which 
controls the volume of the flow of the silylation reagent vapor supplied into the treatment 
chamber 7 based on the control command from a controller 34. 

A bubbling member 35 made of, for example, porous ceramic or the like is provided 
at the bottom surface of the bubbler tank 32, and a gas supply pipe 36 which supplies an inert 

10 gas such as N 2 is inserted through the bubbling member 35. From the upper surface of the 
bubbler tank 32, a carrier gas, for example, N 2 is supplied from a carrier gas supply pipe 37, 
the silylation reagent vapor is generated while supplying the inert gas from the gas supply 
pipe 36 into the bubbling member 35 to perform the bubbling of a silylation reagent 38 stored 
in the tank 32, and the silylation reagent vapor is supplied into the treatment chamber 7 from 

1 5 the gas supply pipe 3 1 by using N 2 as a carrier gas. 

The hot plate 5 has an electrical resistance heater (not illustrated) and a temperature 
sensor 41 which are built-in and outputs the sensed temperature of the hot plate 5 to the 
controller 34. The controller 34 controls the temperature of the hot plate 5 by using the 
electrical resistance heater based on the sensed temperature of the hot plate 5. Incidentally, 

20 the hot plate may be, for example, a jacket having a hollow portion, to thereby heat the wafer 
W by supplying a circulating heating medium to the hollow portion. 

A mass flow controller 42, for example, is provided to the exhaust pipe 17 and the 
controller 34 controls the exhaust flow. 

A pressure sensor 43, for example, is attached inside the treatment chamber 7 and the 

25 pressure sensed inside the treatment chamber 7 by this pressure sensor 43 is outputted to the 
controller 34. The controller 34 controls the mass flow controllers 33 and 42 based on the 
sensed pressure inside the treatment chamber 7. Thus, the flow of the silylation reagent vapor 
supplied into the treatment chamber 7 and the exhaust gas exhausted from the treatment 
chamber 7 are controlled. 

30 Note that the bubbler tank 32 is not limited to the aforementioned structure, but may 

perform the bubbling, for example, by forming many holes in the supply pipe 36 and 
supplying the gas through these holes, without using the bubbling member 35 for performing 


the bubbling. It is preferable to provide a check- valve to the supply pipe 36 in order to 
prevent backflow of the silylation reagent 38 while the gas is not supplied. 

The silylation treatment unit is applied to a coating and developing system shown in 
FIG. 5 to FIG. 7. 

As shown in FIG. 5, the coating and developing system includes a load/unload section 
62 which takes wafers W subsequently out of a cassette CR storing the wafers W, a 
processing section 63 which performs the processing of coating a resist solution to the wafers 
and an interface section 64 which transfers the wafer W coated with the resist solution to an 
exposure unit not illustrated. The load/unload section 62 includes a mounting table 65 which 
takes in/out the wafer from the cassette CR storing, for example, 25 semiconductor wafers W. 

In the load/unload section 62, as shown in FIG. 5, a plurality of, for example, up to 4 
cassettes CR are mounted in a line at a positioning projection 65a on the mounting table 65, 
in the Y direction each directing its access ports of the wafer toward the processing section 
63. A first sub-arm mechanism 66 which is movable in the cassette alignment direction (Y 
direction) and in a wafer alignment direction of the wafers W stored in the cassette CR (Z 
direction; a vertical direction) provides access to each of the cassettes CR selectively. 

Further, the first sub-arm mechanism 66 is structured rotatively in a 0 direction and is 
able to transfer the wafer W to a main arm mechanism 67 which is provided in the processing 
section 63. Further, as described later, it can give access to an alignment unit (ALIM) and an 
extension unit (EXT) which belong to a multi-tiered unit section of a third processing unit 
group G3 of the processing section 63 side. 

The transfer of the wafer W between the load/unload section 62 and the processing 
section 63 is performed through the third processing unit group G3. This third processing unit 
group G3 is structured by vertically piling up a plurality of processing units as shown in FIG. 
7. More specifically, the processing unit group G3 is structured by sequentially piling a 
cooling unit (COL) which performs the cooling treatment to the wafer W, an adhesion unit 
(AD) which performs the hydrophobic treatment for increasing the adhesion property of the 
resist solution to the wafer W, a silylation treatment unit (SLL) which performs the silylation 
treatment to the wafer W, a dry developing unit (DDEV) which performs the dry developing 
to the silylation treated wafer W, the alignment unit (ALIM) which performs alignment of the 
wafer W, the extension unit (EXT) which makes the wafer W wait, two prebaking units 
(PREBAKE), each of which performs the heating treatment before an exposure processing, 


two postbaking units (POBAKE), each of which performs the heating treatment after the 
exposure processing, and a post-exposure baking unit (PEBAKE), from bottom to top. 

The transfer of the wafer W to the main arm mechanism 67 is performed through the 
extension unit (EXT) and the alignment unit (ALIM). 

As shown in FIG. 5, first to fifth processing unit groups Gl to G5 including the 
above-noted third processing unit group G3 are provided around the main arm mechanism 67 
in such a manner to surround the main arm mechanism 67. Similarly to the third processing 
unit group G3, other processing unit groups Gl, G2, G4 and G5 are structured by vertically 
piling up the various processing units. The silylation treatment unit (SLL) of the present 
invention is provided to the third and fourth processing unit groups G3 and G4. 

Meanwhile, as shown in FIG. 7, the main arm mechanism 67 is equipped with a main 
arm 68 which can ascend and descend freely in a vertical direction (Z direction) inside a 
cylindrical guide 69 connected extendedly in a vertical direction. The cylinder-shaped guide 
69 is connected to a rotation shaft of a motor (not illustrated) and rotates integrally with the 
main arm 68 around the rotation shaft by the rotation power of the motor, whereby the main 
arm 68 is made to rotate in a 9 direction. The cylinder- shaped guide 69 may be structured in 
such a manner to connect to another rotation shaft (not illustrated) which is rotated by the 
above motor. As described above, the main arm 68 is driven vertically so that the wafer W is 
able to arbitrarily give access to each processing unit of each of the processing unit groups 
Gl to G5. 

The main arm mechanism 67 which receives the wafer W through the extension unit 
(EXT) of the third processing unit group G3 from the load/unload section 62, first carries this 
wafer W into the adhesion unit (AD) of the third processing unit group G3 to perform a 
hydrophobic treatment. Next, the wafer W is carried out from the adhesion unit (AD) and 
subjected to the cooling treatment in the cooling unit (COL). 

The wafer W after the cooling treatment is positioned opposed to a resist solution 
coating unit (COT) of the first processing unit group Gl (or the second processing unit group 
G2) by the main arm mechanism 67 and carried thereinto. 

The wafer W coated with the resist solution is unloaded by the main arm mechanism 
67 and transferred to the interface section 64 through the fourth processing unit group G4. 

As shown in FIG. 7, this fourth processing unit group G4 is structured by sequentially 
piling the cooling unit (COL), an extension-cooling unit (EXT-COL), the extension unit 



(EXT), the cooling unit (COL), the silylation treatment unit (SLL), the dry developing unit 
(DDEV), two prebaking units (PREBAKE), and three postbaking units (POBAKE) from 
bottom to top. 

The wafer W carried out from the resist solution coating unit (COT) is first inserted 
5 into the prebaking unit (PREBAKE) for removing a solvent (thinner) from the resist solution 
and drying. This drying can be performed, for example, by means of a reduced pressure 
method. That is, it may be a method in which the wafer W is inserted into the prebaking unit 
(PREBAKE) or a chamber separately provided therefrom so that the solvent is removed (the 
resist solution is dried) by reducing the pressure around the wafer W. 
10 Next, the wafer W is transferred to a second sub-arm mechanism 70 which is 

provided in the interface section 64 through the extension unit (EXT) after this wafer W is 
cooled in the cooling unit (COL). 

The second sub-arm mechanism 70 which has received the wafer W transfers the 
received wafer W into a buffer cassette BUCR sequentially. The interface section 64 transfers 
1 5 this wafer W to the exposure unit not illustrated and receives the exposure processed wafer 
W. 

The wafer W after the exposure processing is transferred to the main arm mechanism 
67 through the fourth processing unit group G4 in the reverse order to the above after an 
unnecessary resist film in the peripheral portion of the wafer is removed by a peripheral 

20 exposure unit (WEE), in which this main arm mechanism 67 carries the exposure processed 
wafer W into the silylation treatment unit (SLL). The wafer W which has been subjected to 
the silylation treatment in the silylation treatment unit (SLL) is carried into the dry 
developing unit (DDEV) to be subjected to dry developing. Subsequently, it is transferred out 
to the load/unload section 62 through the extension unit (EXT). 

25 Note that the fifth processing unit group G5 is selectively provided and it is structured 

similarly to the fourth processing unit group G4 in this embodiment. Further, the fifth 
processing unit group G5 is movably held by a rail 71 so that the maintenance processing of 
the main arm mechanism 67 and the first to fourth processing unit groups Gl to G4 can be 
easily performed. 

30 When the silylation treatment unit of the present invention is applied to a coating and 

developing unit as shown in FIG. 5 to FIG. 7, it can remarkably decrease the area for 
installation of the unit because each processing unit is piled on another vertically. 



The silylation treatment unit shown in this embodiment can be applied to units other 
than the coating and developing unit shown. Further, various changes may be made therein 
without departing from the spirit of the present invention. 

Next, the silylation treatment process by the coating and developing system is 
5 explained with reference to process sectional views of FIGS. 8 A to 8C and the flow chart of 
FIG. 9. 

When a main switch of the coating and developing system is turned on, electric power 
supply begins respectively from each power source to the silylation treatment unit 1 . 

Then, the shutter 1 3 is opened and the wafer W is mounted on an arm holder (not 
10 illustrated) for holding the main arm of the main arm mechanism 67, which is inserted into 
the treatment chamber 7. When carrying in the wafer W, the lifter pins 10 are raised from the 
hot plate 5 by about 18 mm (SI), the wafer W is transferred from the arm holder to the lifter 
pins 10, and the arm holder is retreated from the treatment chamber 7 (FIG. 8 A, S2). Since 
the temperature inside the treatment chamber 7 when carrying in the wafer W is room 
1 5 temperature, it is certain that a silylation reaction on the surface of the wafer W can not occur 
at this stage. 

After the wafer W is carried into the position spaced from the hot plate 5 by about 1 8 
mm, the shutter 13 is raised to seal up the treatment chamber 7 and the atmosphere is 
exhausted from the exhaust port 17 to reduce the pressure inside the treatment chamber 7 

20 (S3). Further, when the pressure is reduced to a predetermined value, for example, 80 

pascals, and the silylation reagent vapor is supplied from the supply holes 14a (S4). Here, the 
temperature of the silylation reagent vapor is preferably made nearly the same as that of the 
wafer W, for example, about 40°C to about 50°C in order to avoid any reaction from 
unintentionally progressing. 

25 Then, when the treatment chamber 7 is filled with the silylation reagent vapor, the hot 

plate 5 is heated (S5). Further, the lifter pin 10 is lowered to set the spacing between the 
wafer W and the hot plate 5 to be about 7 mm (S6). Incidentally, the hot plate 5 may of 
course be heated after the lifter pin 10 is lowered. The wafer W is spaced from the hot plate 5 
so that the temperature of the wafer W is kept lower than that of the surface of the hot plate 5. 

30 Specifically, the temperature of the wafer W is held to about 40-50°C in order to keep the 
temperature of the surface of the wafer W at a level not to cause the silylation reaction to 
occur (FIG. 8B). Under this temperature condition, it is necessary to wait until the silylation 



reagent vapor is uniformly dispersed inside the treatment chamber 7 (S7). When the silylation 
reagent vapor is uniformly dispersed, the temperature of the wafer W becomes uniform in its 
surface. 

Moreover, the hot plate 5 is kept heating when the treatment chamber 7 is sealed up to 
5 maintain a constant pressure while the supply of the silylation reagent vapor is stopped and 
the exhaust of the gas from the exhaust pipe 17 is stopped so that all the gas flow inside the 
treatment chamber 7 is stopped, and the temperature inside the treatment chamber 7 is made 
uniform in the surface of the wafer W (S8). 

Furthermore, when the temperature of the hot plate 5 itself becomes, for example, 
10 about 80-90°C, the lifter pins 10 are further lowered so that the spacing between the wafer W 
and the hot plate 5 is set to be about 0.1 mm (FIG. 8C, S9). Here, as the wafer W is heated to 
about 80-90°C, the temperature of the wafer W also rises to 80-90 °C and the silylation 
progresses on the surface thereof (SI 0). The silylation reaction progresses uniformly on the 
surface of the wafer W because the supply of the gas into the treatment chamber 7 and the 
15 exhaust of the gas from the treatment chamber 7 are already stopped to obtain sealing, and 

the planer uniformity of the temperature inside the treatment chamber 7 is maintained during 
silylation. 

When silylation is completed, N 2 gas is supplied into the treatment chamber 7 from 
the gas supply port, which is not illustrated, while the gas, including the silylation reagent 

20 vapor, is exhausted from the exhaust port 17 so that the gas inside the treatment chamber 7, 
which includes the silylation reagent vapor, is replaced by the N 2 gas in order to end the 
silylation reaction (Sll). The silylation reaction finishes upon replacing the gas inside the 
treatment chamber 7. Incidentally, until the temperature of the surface of the wafer W lowers 
to about 50°C while replacing the gas, it is necessary to maintain the uniform temperature on 

25 the surface of the wafer W because the silylation reaction progresses, although slowly. Thus, 
it is preferable to have a larger spacing between the wafer W and the hot plate 5 than 7 mm 
by raising the lifter pins 10 before replacing the gas. Further, it is preferable that the N 2 gas 
being supplied has a lower temperature than about 50°C which is the critical temperature at 
which the silylation reaction occurs. The gas may of course be replaced without raising the 

30 lifter pins 10, so that the spacing from the hot plate 5 is a minimum. 

According to the aforementioned process, the following effects can be obtained. 



First, by making the wafer W wait while positioned at a predetermined spacing from 
the hot plate 5 while the silylation reagent vapor is supplied into the treatment chamber 7 
until the silylation reagent vapor disperses uniformly therein, it is possible to keep the wafer 
W at a temperature of 50°C or less during this waiting, so that the silylation reaction does not 
5 occur and the vapor density inside the treatment chamber 7 can become uniform during this 
waiting time. The silylation reaction has a temperature dependency, in which a high 
silylation rate is obtained at a higher temperature. The silylation treatment can be performed 
with the high planer uniformity of the wafer W by maintaining the uniform temperature on 
the surface of the wafer W in this manner. 

10 Second, by setting the spacing between the hot plate 5 and the wafer W to at least 

three levels, a stable silylation treatment can be performed without being affected by the 
transitional temperature change until the temperature of the wafer W rises high enough where 
the silylation reaction progresses. That is, although the temperature variability of the wafer W 
is very large when the temperature of the wafer W rises from 23°C to 80°C, the temperature 

15 variability becomes comparatively smaller once it has risen to 50°C, rests, and further rises to 
about 80°C to 90°C so that the silylation treatment with smaller temperature variability 
becomes possible. Further, the silylation treatment with enough stability can be simply 
performed by setting the spacing between the hot plate 5 and the wafer W to the plural levels 
to perform the treatment, even if there are some problems in the structure of the hardware. 

20 For example, when the silylation reagent is supplied from the upper portion of the chamber 
by using a shower or the like, the shape of the blow-out ports of the silylation reagent needs 
to be extremely precise, but a stable silylation treatment can be performed according to the 
present invention, regardless of the structure of the blow-out ports. 

Third, since the silylation treatment is performed in the sealed up space inside the 

25 treatment chamber 7 without reducing the pressure and exhausting, variability in density can 
be limited to a minimum. 

Fourth, the wafer W may be lifted up after the silylation reagent vapor is completely 
exhausted. It is thus possible to prevent the reaction from unintentionally progressing on the 
surface of the wafer W. 

30 Fifth, when replacing the silylation reagent vapor by the N 2 gas after the completion 

of the silylation treatment, which is performed along with spacing the wafer W from the hot 
plate 5 at a predetermined distance, so that the ununiform silylation reaction can be 
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prevented because the gas can be replaced after setting the wafer W at a position with a 
temperature at which the silylation reaction cannot progress. 

Sixth, when the silylation reagent vapor is supplied to obtain uniformity, which is 
performed after its pressure is once reduced, the amount of gas existing in the treatment 
5 chamber 7 decreases so that the uniformity of the density of the silylation reagent improves. 

Incidentally, the silylation treatment unit according to the present invention can be 
applied to other structures than that of this embodiment. 

First, a silylation reagent vapor supply system is not limited to the structure shown in 
FIG. 2. The supply system can take many forms, for example, the structure in which one or 
10 plural holes is/are provided in the hot plate 5, through which the silylation reagent vapor is 
supplied into the surface side of the hot plate 5, and the structure in which a supply port is 
provided near the exhaust port 1 7, through which it is supplied toward the treatment chamber 
7. 

Second, the lifter pin 10 which holds the wafer W at a predetermined spacing from 

15 the hot plate 5 can move between added plural levels, besides the three levels of the high 
level, the medium level and the low level. Further, it can move continuously from the high 
level to the medium level, or from the medium level to the low level. 

FIG. 10 shows an embodiment where the hot plate 5 is held at more than four levels. 
FIG. 10 shows the case where the wafer W moves between five levels. The treatment in the 

20 high level where the wafer W is brought in (the spacing between the hot plate 5 and the 

wafer W is, for example, 1 8 mm) and the low level where the treatment chamber 7 is sealed 
to promote the silylation treatment (the spacing between the hot plate 5 and the wafer W is 0 
mm) are the same as the case of the three levels (SI to S7, S8 to Sll). In this embodiment, the 
hot plate 5 is gradually moved downward to occupy plural levels when making the 

25 temperature variability inside the treatment chamber 7 uniform. 

In this case, the wafer W is held at the position lower than the high level (the spacing 
between the hot plate 5 and the wafer W is, for example, 7 mm, S6) until the temperature of 
the wafer W rises to a predetermined temperature (50°C, for example). The wafer W is then 
moved downward (the spacing between the hot plate 5 and the wafer W is, for example, 5 

30 mm, S21 and S22) when the temperature inside the treatment chamber 7 rises (60°C, for 

example). The wafer W is further moved downward (the spacing between the hot plate 5 and 
the wafer W is, for example, 3 mm, S23 and S24) after the temperature further rises (70°C, 



for example). 


The silylation reagent vapor is continuously supplied to the chamber similarly to the 
case shown in FIG. 9 until the spacing between the hot plate 5 and the wafer W becomes 7 
mm to 0 mm. Thus, the wafer W is moved downward in steps of plural levels to reach the 
5 final low level, in which the wafer W contacts or is close to the hot plate 5. Accordingly, the 
wafer W can move closer to the hot plate in steps corresponding to the change of 
temperature, compared with the case where it is held at only one medium level. Therefore, a 
silylation treatment with reduced influence of temperature variability can be performed. 
Note that the present invention can be applied to the case with four levels or six or 

10 more levels although the example of the wafer W which moves vertically in five levels is 
illustrated in FIG. 10. Further, the interval between the hot plate 5 and the wafer W or the 
temperature inside the treatment chamber 7 when the wafer W is gradually moving is an 
example, which is not limited to the above. 

Further, the structure of the supply ring 14 can be modified to use as follows. In the 

15 supply ring 14 shown in FIG. 11, supply holes 14p, 14q and 14r are formed in the inner 

circumferential surface of the ring member 14b, in which the diameters of the supply holes 
become larger as their positions become higher. That is, the diameter of the supply hole 14p 
which is in the lowermost positioned is the smallest, the diameter of the supply hole 14q 
which is positioned above supply hole 14p is larger than that of the supply hole 14p, and the 

20 diameter of the supply hole 14r which is at the uppermost position is the largest. Thus, by 
setting the diameters of the supply holes which are vertically arrayed in the inner 
circumferential surface of the ring member 14b to become larger as the holes are positioned 
higher, an increased volume of vapor can be supplied to the surface of the wafer W to be 
subjected to the silylation treatment so as to perform the treatment more effectively. 

25 Furthermore, in the supply ring 14 shown in FIG. 12, a plurality of the supply holes 

14a are formed in half of the inner circumferential surface of a ring member 14b, and a 
plurality of exhaust holes 14e are formed opposite to the supply holes 14a in the remaining 
half of the inner circumferential surface. Thus, when the supply hole 14a and the exhaust 
hole 14e are disposed opposite to each other, the vapor supplied from the supply hole 14a is 

30 exhausted, from the opposing exhaust hole 14e by flowing horizontally. Therefore, 

turbulence does not occur so that the uniformity of the treatment is improved and excellent 
exhaust efficiency is obtained. 



The holes 9 for vertically moving the lifter pins 10 are formed in the hot plate 5. As 
shown in FIG. 14, the inert gas, for example, the N 2 gas may be blown out through the holes 
9 to the non-treatment surface of the wafer W, for example, the back surface of the wafer W. 
In the example shown in FIG. 14, a gas supplying section 81 and a pipeline 82 are provided 
5 for supplying the N 2 gas to the holes 9. 

It is preferable to start blowing out the N 2 gas to the back surface of the wafer W 
when the silylation treatment is completed and the vapor including the silylation reagent 
inside the chamber 7 is purged by the inert gas, or when the vapor including the silylation 
reagent is purged from inside the chamber 7 by the inert gas and the wafer W starts being 

10 lifted by the lifter pins 10 as shown in FIG. 15. 

It is possible to prevent a deposition from adhering to the non-treatment surface of the 
wafer W by blowing out the gas to the non-treatment surface of the wafer W, for example, to 
the back surface of the wafer W. The supply ring 14 shown in FIG. 16 is structured so that 
upper supply holes, for example, 141 and 14m, supply a processing gas, for example, the 

15 vapor including the silylation reagent, to the treatment surface of the wafer W, while the 

lower supply hole 14n blows out the inert gas, for example, the N 2 gas, to the non-treatment 
surface of the wafer W. The supply holes 141, 14m and 14n are arrayed vertically in the 
inner circumferential surface of the ring member 14b. Thus, it is possible to supply the 
processing gas, for example, the vapor including the silylation reagent, to the treatment 

20 surface of the wafer W, and blow out the inert gas, for example, the N 2 gas, to the non- 
treatment surface of the wafer W. Therefore deposition adhesion to the non-treatment surface 
of the wafer W can be prevented. 

Incidentally, the upper supply holes 141 and 14m may have structures permitting the 
processing gas, for example, the vapor including the silylation reagent, and the inert gas to be 

25 selectively blown out. 

Additional advantages and modifications will readily occur to those skilled in the art. 
Therefore, the invention in its broader aspects is not limited to the specific details and 
representative embodiments shown and described herein. Accordingly, various modifications 
may be made without departing from the spirit or scope of the general inventive concept as 

30 defined by the appended claims and their equivalents. 
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TITLE OF THE INVENTION 
SILYLATION TREATMENT UNIT AND METHOD 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is based upon and claims the 
benefit of priority from the prior Japanese Patent 
Application No. 11-328269 , November 18 , 1999 , the 
entire contents of which are incorporated herein by 
reference . 

BACKGROUND OF THE INVENTION 
The present invention relates to a silylation 
treatment unit and a silylation treatment method for 
performing a silylation treatment on a surface of a 
substrate, such as a semiconductor wafer ^and^an LCD 
substrate. 

In manufacturing a microelectronic devic^ such as 
a semiconductor integrated circuit, ^fiore severe] / ?%Uc*{ ks^r^^ 
performance is required f or^^lithography technology 
andCsft resist material fwhich are)^rs9ci [for the processing 
as af pattern processed .on )L silicon wafer beqomes finer. 

/Regarding) to tne lithography technology used for 
manufacturing fe7 device, 0L\ wavelength of light {source 
which is) used for kn exposure of/ the pattern is 
becoming shorter L an ^ an i-r^y^and a KrF excimer laser sx4Mjxj^ 
light come to bem used. 

The lithography is performed with the i-ray by 
using a photosensitizer of a novo lac resist as a base 
resin. However, when using an ^tf] excimer laser Jlight) 2^^- 



fas the result off the shorter wavelength, th^fineness 
u A K 

can not be achieved because the novolac resist has a 

high light absorption characterist ic, Theref o^e^a, 

resist using a phenol±tT~ring compound Pis proposeg. 

Although^ resist ^like this} has an advantage Asm 

\that^J pta^ma resistance ^ncreasej', the phenolic resist 


has an extremely high light abs or ptance, ^and its 
tendency is growing? ^^e w^velengtii becomes shorter. 
Particularly, th^ ligh^ 1 doesr not reach £he enough depth/^^^_ 
^-^K^^ie^^F] excimer laser li^t^ik'used . 

A silylation method is ^potlighted asj a method . f) 


hav^n^^^e^erraugh |sensibility| and ^Improving thej plasma 
resistance, even when the light sottrc^^r th€^ short 
wavelength, suc^^asjthe (atf\ excimer laser light^s^use^. 
With this silylation method, a resist pattern having 


[the! enough selectivity can be formed by exposing 


the 

photosensitizer \Lnj a predetermined pattern image, 
performing a silylation on the surface of thus-exposed 


photosensitizer, and performing £aj dry developing using 
the silylation treated photosensitizer as a mask. 

(Based on the conventional silylation treatment 
method, there is a problem to be solved as explained 


There is a problem that }a? silylation reaction ct^t— 
(actualizing^ the silylatio n me thod has an extremely high 
temperature dependency, (in whictOthe silylation 
reaction progresses ununiformly within the surface of a 


wafer , if the temperature within the surface of the 
r 

wafer is ununiform. Therefore, it is necessary to /UmMr^ 

~\ — \ 

^obtain a^ uniformity of ^^Xlyiation layer in order to 

employ the silylation method. To solve this problem, 

various tjneasures have been taken jGonventionally by 

devising thd harSware structures, such as the structure 

of ^treatment chamber, [a} supplying method 0fj{ay^ 


silylation atmosphere, and A a precision £f al hot plate. 
However, even though the uniformity of the silylation 
layer can be ^btaineHJ by these measures, a minute \. 
defect in the hardware structure ^revent^^the uir±fDrm 
formation of the silylation layer, since its processing 
condition depends on the hardware. 

BRIEF SUMMARY OF THE INVENTION /j 

The present invention \is made to solve^ ffie 
aforementioned problem and its object is to provide a 
silylation unit and a silylation treatment method which 
are capable of obtaining a uniform silylation layer 
without depending on the hardware structure. 

According to a first aspect of the present 
invention, there is provided a silylation unit 
comprising a chamber, a heating mechanism provided in 
the chamber for heating a substrate, a supplying 
mechanism for supplying a vapor including a silylation 
rea gent into the chamber, and a substrate holder for 
holding the substrate in the chamber, in which an 
interval between the heating mechanism and the 
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substrate is adjustable to at least three levels or 
more. 

When structured as above, it is possible to 
receive the substrate in a condition where it is least 
5 influenced by ^a}1[ieat in the chamber by^gcimizing the Sj^f^^-. 

£Tnterval| from the heating mechanism, ^bring the gntervall ^^^ ^ 
comparatively closer to the heating mechanism to wait^V^ 
until the temperature insi de the chamber obtains a high 
planer uniformity, and |[urth«7 bring it closer po^ the 
10 heating mechanism ^after^jhigh planer unif ormity^. is 

obtained such that the silylation reaction occurs* 
Thus, by holding the substrate at a predetermined /^g^y /^>H — 
^interval t<^ the heating mechanism until the heating by 
the heating mechanism becomes uniform, £he) silylation 
15 under the ununiform silylation atmosphere does not 

occur. Therefore, the uniform silylation layer can be 
obtained without depending on the hardware structure. 

According to a second aspect of the present 
invention, there is provided a silylation treatment 

20 method comprising the steps of ^carrying in) the 

<W XL A 

substrate into the chamber ^orJ^Jisposing^at a 

predetermined ^nterva^^r^cT the heating mechanism 

provided in the chamber, supplying £he] vapor including 

the silylation reagent into the chamber such that the 

25 chamber is filled with fcheratmosphere <fop the silylation 

reagent, raising th^temperature of the chamb r^byj^ttTe^ 

heating mechanism, bringing the substrate closer to the 

K 


10 
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heating mechanism such that the silylation atmosphere 

is dispersed uniformly inside the chamber at jthe]] 

temperature where the silylation reaction of the 

substrate does not occur , and f urthgr^bringing the 

substrate i %toser to the heating mechanism (for making ^* nr**^ 
A 

the temperature of the substrate ^ligher} such that the 
silylation reaction occurs on the surface of the 
substrate. 

According to this method, it is preferable that 
the <^ntervall ^weet the heating mechanism and the ^^JUU. 
substrate is adjustable to at least three^levels £r 
mor^. Also, it is preferable that the substrate almost 
contacts the heating mechanism {in the||t§po^the 
silylation reaction. 
15 Further, ^fter the silylation treatmentT^the 

silylation treatment can be completed simply by 
supplying an inert gas into the chamber for replacing 
the vapor including the silylation reagent. Further, 
^the]e3wessive ^nd ununiformj silylation reaction can be 
20 prevented by spacing the interval between the^heating 

mechanism ^nd J^he substrate before replacing the gas 
inside the chamber. 

Moreover, When i>eing filled with] the silylation 
atmospherd^under the condition ^wher^ ^ he heat i n 9 
25 mechanism and the substrate are disposed at a 

predetermined interval, the volume of the gas decreases 

A J 

insid the chamber by reducing the pressure inside the 
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chamber so that the n gas flow inside the chamber is 


T stabled] the Tuni formi ty of the ^density of the 


silylation reagenlTTurther 



Furthermore, by Jmakin^ the silylation reaction to 


occur while stopping the supply of the silylation 


reagent into the chamber without -gXfiaustincy from ^ETTe" 
cha^^F^^^^gas f low ^stops^inside the chamber and the 
silylation reaction is made to occur while maintaining 
the uniform silylation atmosphere so that a planer 

10 uniformity of the silylation reaction on the wafer 

further increases. 

Additional objects and advantages of the invention 
will be set forth in the description which follows, and 
in part will be obvious from the description, or may be 

15 learned by practice o^'the invention. The objects and 

advantages of the invention may be realized and 
obtained by means of the instrumentalities and 
combinations particularly pointed out hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

20 The accompanying drawings, which are incorporated 

in and constitute a part of the specification, 
illustrate presently preferred embodiments of the 
invention, and together with the general description 
given above and the detailed description of the 

25 pref rred embodiments given below, serve to explain the 

principles of the invention. 

FIG. 1 is a top view showing the whole structure 
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of a silylation treatment unit according to a first 
embodiment of the present invention; 

FIG. 2 is a vertical sectional view showing the 
whole structure of the silylation treatment unit 
according to the first embodiment; 

FIG. 3 is a perspective view of a supply ring 
according to the first embodiment; 

FIG. 4 is a view showing the whole structure of 
the silylation treatment unit according to the first 
embodiment , together with a control system; 

FIG. 5 is a view of the whole structure of a 
resist treatment system having the silylation treatment 
unit according to the first embodiment; 

FIG. 6 is a side view of the resist treatment 
system having the silylation treatment unit according 
to the first embodiment; 

FIG. 7 is a front view for explaining the 
functions of the resist treatment system having the 
silylation treatment unit according to the first 
embodiment ; 

FIGS. 8A, 8B, and 8C are views showing a process 
of the silylation treatment according to the first 
embodiment ; 

FIG. 9 is a view showing a flow chart of the 
silylation treatment according to the first embodiment; 

FIG. 10 is a view showing a flow chart of a 
modification of the silylation treatment; 
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FIG. 11 is a perspective view of another 
modification of the supply ring; 

FIG. 12 is a plane view of still another 
modification of the supply ring; 
5 FIG. 13 is an explanatory view of a side section 

showing the airflow when the supply ring in FIG. 12 is 
used; 

FIG. 14 is an explanatory view of a side section 
explaining another modification of the silylation 
10 treatment unit according to the present invention; 

FIG. 15 is an explanatory view of a side section 
explaining another modification of the silylation 
treatment unit according to the present invention; and 
FIG. 16 is a perspective view of another 
15 modification of the supply ring. 

DETAILED DESCRIPTION OF THE INVENTION 
Hereinafter, preferred embodiments according to 
the present invention will be explained with reference 
to the attached drawings. 
20 (First embodiment) 

In this embodiment , a silylation treatment unit of 
the present invention which is applied to a resist 
treatment system for a semiconductor wafer will be 
explained. 

25 FIGS. 1 and 2 are a plane view and a vertical 

sectional view showing the structure of the silylation 
treatment unit, respectively. 
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As shown in FIG. 1, a silylation treatment unit 1 
includes a base block 2. The base block 2 ^has a shape 
of] hollow and comprises a base block side portion 2a 
which defines its side and a base block bottom portion 
5 2b which defines its bottom. Further, a horizontal 

masking shield 3 is attached horizontally to the base 
block bottom portion 2b at a position of a 
predetermined height of the base block side portion 2a. 
A circular opening 4 is formed in the horizontal 

10 masking shield 3 and a hot plate 5 is received as a 

heating mechanism in this opening 4. The horizontal 
masking shield 3 supports the hot plate 5 by a 
supporting plate 6. 

A treatment chamber 7 ^£s a chamberj for performing 

15 a silylation treatment is defined by the base block 

side portion 2a , the horizontal masking shield 3 and a 
cover 8. Openings 7A and 7B are respectively formed in 
the front side and the back side of the treatment 
chamber 7 and a wafer Wis carried into/out of the 

20 treatment chamber 7 through the openings 7 A and 7B. 

Three holes 9 are penetratingly formed in the hot 
plate 5 and lifter pins 10 are respectively inserted 
through each of the holes 9 as wafer w holders. Three 
lifter pins 10 are ^connectively^ ^supported by an arm 11 , 

25 and the arm 11 is [pbnnectivel^> supported by, for 

example, a rod 12a of a vertical cylinder 12. When the 
rod 12a is projected from the vertical cylinder 12, the 
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lifter pins 10 are projected so as to lift the wafer W 
from the hot plate 5. 

The height of the lifter pins 10 which support the 
wafer W at three points &s# ad justable tb three^Ldvels 
such as low, medium and high (hereinafter each height 
is referred to as the low level, the medium level and 
the high level). At the low level, the lifter pins 10 
do not project from the surface of the hot plate 5. 
Therefore, ^n interva^Setween the wafer W which is 
held by the lifter pins 10 and the surface of the hot , 
plate 5 is theoretically 0 mm, but the jproximit^in 
the actual structure of the unit is, for example, about 
0.1 mm. At the medium level, the lifter pins 10 
project from the surface of the hot plate 5, for 
example, by 7 mm. Further, at the high level, the 
lifter pins 10 project from the surface of the hot 
plate 5, for example, by 18 mm. The wafer W is 
transferred by a carrier mechanism which is not 
illustrated from another treatment mechanism at this 
high level. 

As shown in FIG. 2, a ring-shaped shutter 13 is 
attached at the outer circumference of the hot plate 5. 
The shutter 13 is supported by a rod 16a of a vertical 
cylinder 16 through an arm 15 so that it is able to ^ 
ascend and descend. This shutter 13 is retreated ^Stj a 
low level when the treatment is not performed, but 
rises when the treatment is performed to position 


11 


itself between the hot plat 5 and the cover 8. At the 
inner circumference of the shutter 13/ a ring-shaped 
supply ring 14 is; disposed in such a manner to surround 
the hot plate 5. 

FIG. 3 shows the perspective structure of the 
supply ring 14 in detail. As shown in FIG. 3, the 
supply ring 14 includes an annular ring member 14b. 
Many supply holes 14a are formed along the inner 
circumference of the ring of the ring member 14b at 
pitch intervals of, for example, the central angle of 
2°. Four supply paths 14c are opened at the bottom 
surface of the ring of this ring member 14b and at the 
symmetrical positions with respect to the center of the 
ring of the ring member 14b. These supply paths 14c 
communicate with a silylation reagent supply source 
(not illustrated) outside the base block 2 through the 
openings provided at the base block bottom portion 2b. 

In the center of the cover 8, a ^exhaust port 18 ^fe^ 


The gas generated in the heating treatment or the like 
is exhausted through this exhaust port 18. The exhaust 
pipe 17 communicates with a duct 19 (or 20) at the 
front side of the unit or another duct not illustrated. 

A machine room 21 is provided under the horizontal 
masking shield 3. The machine room 21 defines its 
periphery by the sidewall of the duct 19, a sidewall 22 
and the base block bottom portion 2b. Inside the 
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machine room 21 , for example, the hot plate supporting 
plate 6, the shutter arm 15 , a lifter pin arm 11 , an 
elevating cylinder 16 f and the elevating cylinder 12 
are provided. 

5 As shown in FIG. 1, four protrusions 23, for 

example, are provided on the upper surface of the hot. 
plate 5 and the wafer W is (made to take its-p^SirErioij by 
these four protrusions. Further, a plurality of small 
protrusions (not illustrated) are provided on the upper 

10 surface of the hot plate 5, where the tops of these 

small protrusions contact with the wafer W when the 
wafer W is mounted on the hot plate 5. Thus, a minute 
space (about 0.1 mm) is formed between the wafer W and 
the hot plate 5 so that the bottom surface of the wafer 

15 W is free from dust and scratch. 

Next, a control system and a silylation reagent 
vapor supplying mechanism of the silylation treatment 
unit are explained with reference to FIG. 4. 

As shown in FIG. 4, each of the supply paths 14c 

20 communicates with a silylation reagent vapor supply 

pipe 31 and this silylation reagent vapor supply pipe 
31 supplies the silylation reagent vapor which is 
generated in a bubbler tank 32 into the treatment 
chamber 7. A mass flow controller 33 is provided to 

25 the silylation reagent vapor supply pipe 31, which 

controls the volume of the flow of the silylation 
reagent vapor supplied into the treatment chamber 7 
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based on the control command from a controller 34. 

A bubbling member 35 made of, for example, porous 

ceramic or the like is provided at the bottom surface 

of the bubbler tank 32 , and a gas supply pipe 36 which 

5 supplies an inert gas such as N2 is inserted through 

the bubbling member 35. From the upper surface of the 

bubbler tank 32 , a carrier gas, for example, N2 is 

supplied from a carrier gas supply pipe 37, the 

silylation reagent vapor is generated while supplying 

10 the inert gas from the gas supply pipe 36 into the 

bubbling member 35 to perform the bubbling of a 

silylation reagent 38 stored in the tank 32, and the 

silylation reagent vapor is supplied into the treatment 

chamber 7 from the gas supply pipe 31 by using N2 as 

15 Vth%Tcarrier gas. 

A 

The hot plate 5 has an electrical resistance 
heater (not illustrated) and a temperature sensor 41 
which are built-in and outputs the sensed temperature 
of the hot plate 5 to the controller 34. The 

20 controller 34 controls the temperature of the hot plate 

5 by using the electrical resistance heater based on 
the sensed temperature of the hot plate 5 . 
Incidentally, the hot plate may be, for example, a 
jacket having a hollpw^jDortion, to thereby heat the 

25 wafer W by supplying a^tfeat^ medium ^irculatinglyj to the 

hollow portion. 

A mass flow controller 42, for example, is 
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provided to the exhaust pipe 17 and the controller 34 
controls the exhaust flow. 

A pressure sensor 43 , for example, is attached 
inside the treatment chamber 7 and the gensed^ pressure ^a^nj 
5 inside the treatment chamber 7 by this pressure sensor 

43 is outputted to the controller 34. The controller 
34 controls the mass flow controllers 33 and 42 based 
on the sensed pressure inside the treatment chamber 7. 
Thus, the flow of the silylation reagent vapor supplied 
10 into the treatment chamber 7 and the exhaust gas 

exhausted from the treatment chamber 7 are controlled. 

Note that the bubbler tank 32 is not limited to 
the aforementioned structure, but may perform the 
bubbling, for example, by forming many holes in the 
15 supply pipe 36 and supplying the gas through these 

holes, without using the bubbling member 35 for 
performing the bubbling. It is preferable to provide a 
check-valve to the supply pipe 36 in order to prevent 
^thejbackf low of the silylation reagent 38 while the gas 
20 is not^%ufelied. 

The silylation treatment unit is applied to a 
coating and developing system shown in FIG. 5 to FIG. 7. 

As shown in FIG. 5, the coating and developing 
system includes a load/unload section 62 which takes 
25 ^thW^vIa^ from^cassette CR storing 

th wafers W, a processing section 63 which performs^^ 
processing of coating a resist solutton~%nd developing 



a 
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to the wafer W taken out by the load/unload section 62^ 
and an interface section 64 which transfers the wafer W 
coated with the resist solution to an exposure unit not 
illustrated. The load/unload section 62 includes a 
mounting table 65 which takes in/out the^cassette CR 
storing , for example , 25 semiconductor wafers W. 

In the load/unload section 62, as shown in FIG. 5, 
a plurality of , for example, up to 4 cassettes CR are 
mounted in a line at a positioning projection 65a on 


the mounting table 65 , in £n X/direction each directing 

u A 

its access ports of the wafer toward the processing 
section 63. A first sub-arm mechanism 66 which is 
movable in the cassette alignment direction (fej )f 
direction) and in a wafer alignment direction of the 
wafers W stored in the cassette CR (Z direction; a 
vertical direction) made to give] access to each of 
the cassettes CR selectively. 

Further, the first sub-arm mechanism 66 is 
structured rotatively in a 0 direction and is able to 
transfer the wafer W to a main arm mechanism 67 which 
is provided in the processing section 63. Further, as 
described later, it can give access to an alignment 
unit (ALIM) and an extension unit (EXT) which belong to 
a multi-tiered unit section of a third processing unit 
group G3 of the processing section 63 side. 

The transfer of the wafer W between the 
load/unload section 62 and the processing section 63 is 
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performed through the third processing unit group G3. 
This third processing unit group G3 is structured by 
vertically piling up a plurality of processing units as 
shown in FIG. 7. More specif ically, the processing 
5 unit group G3 is structured by sequentially piling a 

cooling unit (COL) which performs the cooling treatment 
to the wafer W, an adhesion unit (AD) which performs 
the hydrophobic treatment for increasing the adhesion 
property of the resist solution to the wafer w f a 

10 silylation treatment unit (SLL) which performs the 

silylation treatment to the wafer W, a dry developing 
unit (DDEV) which performs the dry developing to the 
silylation treated wafer W, the alignment unit (ALIM) 
which performs alignment of the wafer W, the extension 

15 unit (EXT) which makes the wafer W^tojwait, two 

prebaking units (PREBAKE )^each of which performs the 
heating treatment before an exposure processing, two 
postbaking units (POBAKE)^each of which performs the 
heating treatment after the exposure processing, and a 

20 post-exposure baking unit (PEBAKE), from bottom to top. 

The transfer of the wafer W to the main arm 
mechanism 67 is performed through the extension unit 
(EXT) and the alignment unit (ALIM). 

As shown in FIG. 5, first to fifth processing unit 

25 groups Gl to G5 including the above^third processing 

unit group G3 are provided around the main arm 
mechanism 67 in such a manner to surround the main arm 
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mechanism 67. Similarly to the third processing unit 
group G3, other processing unit groups Gl, G2, G4 and 
G5 are structured by vertically piling up the various 
processing units. The silylation treatment unit (SLL) 
5 of the present invention is provided to the third and 

fourth processing unit groups G3 and G4 . 

Meanwhile, as shown in FIG. 7 , the main arm 
mechanism 67 is equipped with a main arm 68 which can 
ascend and descend freely in a vertical direction (Z 

10 direction) inside a cylindrical guide 69 connected 

extendedly in a vertical direction. The cylinder- 
shaped guide 69 is connected to a rotation shaft of a 
motor (not illustrated) and rotates integrally with the 
main arm 68 around the rotation shaft by the rotation 

15 power of the motor, whereby the main arm 68 is made^ ^/r^Jx 

(^rotatively^in a 0 direction. The cylinder-shaped 
guide 69 may be structured in such a manner to connect 
to another rotation shaft (not illustrated) which 


jjrotates)by the above motor. As described above, the 
20 main arm 68 is driven vertically so that the wafer W is 

able to arbitrarily give access to each processing unit 
of each of the processing unit groups Gl to G5. 

The main arm mechanism 67 which receives the wafer 
W through the extension unit (EXT) of the third 
25 processing unit group G3 from the load/unload section 

62, first carries this wafer W into the adh sion unit 
(AD) of the third processing unit group G3 to perform 
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^the^hydrophobic treatment • Next, the wafer W is 
carried out from the adhesion unit (AD) and subjected 
to the cooling treatment in the cooling unit (COL). 
The wafer W after the, cooling treatment is 
5 Q>pposinglyJ positione^^a resist solution coating unit 
(COT) of the first processing unit group Gl (or the 
second processing unit group G2) by the main arm 
mechanism 67 and carried thereinto. 

The wafer W coated with the resist solution is 

10 unloaded by the main arm mechanism 67 and transferred 

to the interface section 64 through the fourth 
processing unit group G4. 

As shown in FIG. 7, this fourth processing unit 
group G4 is structured by sequentially piling the 

15 cooling unit (COL), an extension-cooling unit (EXT-COL), 

the extension unit (EXT), the cooling unit (COL), the 
silylation treatment unit (SLL), the dry developing 
unit (DDEV), two prebaking units (PREBAKE), and three 
postbaking units (POBAKE) from bottom to top. 

20 The wafer W carried out from the resist solution 

coating unit (COT) is first inserted into the prebaking 
unit (PREBAKE) for removing a solvent (thinner) from 
the resist solution and drying. This drying can be 
performed, for example, by means of a reduced pressure 

25 method. That is, it may be £h§> m thod in which the 

wafer W is inserted into the prebaking unit (PREBAKE) 
or a chamber separat ly provided therefrom so that the 


% 
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solvent is removed (the resist solution is dried) by 
reducing the pressure (Tn the peripheryf around the wafer 


w. 


Next, the wafer W is transferred to a second sub- 
5 arm mechanism 70 which is provided in the interface 

section 64 through the extension unit (EXT) after this 
wafer W is cooled in the cooling unit (COL). 

The second sub-arm mechanism 70 which has received 
the wafer W transfers the received wafer W into a 
10 buffer cassette BUCR sequentially. The interface 

section 64 transfers this wafer W to the exposure unit 
not illustrated and receives the exposure processed 
wafer W. 

The wafer W after the exposure processing is 
15 transferred to the main arm mechanism 67 through the 

fourth processing unit group G4 in the reverse order to 
the above after an unnecessary resist film in the 
peripheral portion of the wafer is removed by a 
peripheral exposure unit (WEE), in which this main arm 
20 mechanism 67 carries the exposure processed wafer W 

into the silylation treatment unit ( SLL ) . The wafer W 
which has been subjected to the silylation treatment in 
the silylation treatment unit (SLL) is carried into the 
dry developing unit ( DDEV ) to be subjected to £he/ dry 
25 developing. Subsequently, it is transferred out to the 

load/unload section 62 through the extension uni 
Note that the fifth processing unit group G! 
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selectively provided and it is structured similarly to 
the fourth processing unit group G4 in this embodiment. 
Further , the fifth processing unit group G5 is movably 
held by a rail 71 so that the maintenance processing of 
the main arm mechanism 67 and the first to fourth 
processing unit groups Gl to G4 can be easily performed. 

When the silylation treatment unit of the present 
invention is applied to a coating and developing unit lAA^ 
shown in FIG. 5 to FIG. 7, it can remarkably decrease 
the area for installation of the unit because^spch ^p^^ 
processing unit is (structured by piling u^ verticaixyr" 

£rt is a matter of course tha^ £he silylation 
treatment unit shown in this embodiment can be applied 
to %h^ units other than the coating and developing unit <ff^^L 
^ike this^ Further, various changes may be made 
therein without departing from the spirit of the 
present invention. 

Next, the silylation treatment process by the 
coating and developing system is explained with 
reference to process sectional views ^njFlGS. 8A to 8C 
and fa) flow chart -TIG. 9. 

When a main switch of the coating and developing 
system is turned on, electric power supply begins 
respectively from each power source to the silylation 
treatment unit 1 . 

Then, the shutter 13 is opened and the wafer W is 
mounted on an arm holder (not illustrated) for holding 


10 
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the main arm of the main arm mechanism 67, which is 
inserted into the treatment chamber 7. When carrying 
in the wafer W, the lifter pins 10 are raised from the 
hot plate 5 by about 18 mm (SI), the wafer W is 
transferred from the arm holder to the lifter pins 10 , 
and the arm holder is retreated from the treatment 
chamber 7 (FIG. 8A, S2). Since the temperature inside 
the treatment chamber 7 when carrying in the wafer W is 

room temperature, it is certain that a silylation 

r — i c ^ 

reaction on the surface of the wafer W does not occur 


at this stage. 

After the wafer W is carried into the position 
spaced from the hot plate 5 by about 18 mm, the shutter 
13 is raised to seal up the treatment chamber 7 and the 

15 atmosphere is exhausted from the exhaust port 17 to 

reduce the pressure inside the treatment chamber 7 (S3). 
Further, when the pressure is reduced to a 
predetermined value, for example, 80 pascals, ^the 
silylation reagent vapor is supplied from the supply 

20 holes 14a (S4). Here, the temperature of the 

silylation reagent vapor is preferably made nearly the 
same as that of the wafer W, for example, about 40 °C to 
about 50 °C in order to avoid /thSi reaction from 
^progressing jmexpectedlj^. 

25 Then, wh n the treatment chamber 7 is filled with 

the silylation reagent vapor, the hot plate 5 is^ieat€^ 
(S5). Further, the lifter pin 10 is (descended? to set 



- 22 - 


the ^nterva^ between the wafer W and the hot plate 5 
about 7 mm (S6). Incidentally, the hot plate 5 may of A 
course be heated after the lifter pin 10 is ^descendec^ — 
The wafer W is spaced from the hot plate 5 so that the 
5 temperature of the wafer W is kept lower than that of 

the surface of the hot plate 5. Specifically, the 
temperature of the wafer W is held^rbout 40-50 °C in 
order to keep the temperature of the surface of the 
wafer W £o an extentj^not^t^cause the silyiation 

10 reaction to occur (FIG, 8B) . Under this temperature 

condition, it is necessary to wait until the silyiation 
reagent vapor is uniformly dispersed inside the 
treatment chamber 7 (S7)« When the silyiation reagent 
vapor is uniformly dispersed, the temperature of the 

15 wafer W becomes uniform in its surface. 

Moreover, the hot plate 5 is kept heating £n the 
conditions wherej the treatment chamber 7 is sealed up 
to maintain a constant pressure while the parrying 
of the silyiation reagent vapor is stopped and the 

20 exhaust of the gas from the exhaust pipe 17 is stopped 

so that all the gas flow inside the treatment chamber 7 
is stopped, and {^herej the temperature inside the 
treatment chamber 7 is made uniform in the surface of 
the wafer W (S8) . 

25 Furthermore, when the temperature of the hot plate 

5 itself becomes, for example, about 8^-90^, th 
lifter pins 10 are further ^escende^o that the 
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TintervalTbetween the wafer W and the hot plat 5 is set 



to be about 0.1 mm (FIG. 8C, S9). Here, as the wafer W 
is heated to about 80-90°C, the temperature of the 
wafer W also rises to 80-90 °C and the silylation/ 
5 progresses oja^the surface thereof (S10). The 

silylatio^^ogresses uniformly %r^^he surface of the 
wafer W because the jcarrying in] of the gas into the 
treatment chamber 7 and the exhaust of the gas from the 
treatment chamber 7 are already stopped to obtain 
10 sealing, and the planer uniformity of the temperature 

inside the treatment chamber 7 is maintained (In this] 
silylation. 

When £he) silylation is completed, ^h€^ N2 gas is 
supplied into the treatment chamber 7 from the gas 

15 supply portywhich is not illustrated^while the gas_^ 

including the silylation reagent vapo^is exhausted 
from the exhaust port 17 so tjiat the gas inside the 
treatment chamber 7^which jis^ €hesilylation reagen^ 
vapoiL^is replaced by the N2 gas in order to ^fo^^Ke 

20 silylation reaction jto f inisl^ (Sll ) . £as the silylation 

reaction takes several seconds] {the silylation reaction 
finishes \immediately by [replacing the gas inside the 
treatment chamber 7. Incidentally, until the 
temperature of the surface of the wafer W lowers to 

25 about 50 °C while replacing the gas, it is necessary to 

maintain the uniform temperature on the surface of the 
wafer W because the silylation reaction progresses 
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although slowly. Thus, it is preferable to have a 


larger ^ntervaylaetween the wafer W and the hot plate 5 
than 7 mm by |^scendin^ / i^^ : ?rf ter pins 10 before 
replacing the gas. Further, it is preferable that the 


5 N2 gas <£o b^ ^supplied has a lower temperature than 

about 50 °C which is the critical temperature at which 

the silylation reaction occurs. The gas may of course 

be replaced without raising the lifter pins 10, ^in 

which the interval] ^lot^la.te 5 is 

10 According to the aforementioned process, the 

following effects can be obtained. 

First, by making the wafer W [to] wait fwithj a 

predetermined ^Lnterval^ from the hot plate & ^om)^the 

silylation reagent vapor is ^arried^ im%5~~the treatment 

K 

15 chamber 7 until the silylation reagent vapor disperses 



uniformly therein, it is possible to lo^ep the wafer W 
at a temperature of 50 °C or less during^waiting, 
^which) the silylation reaction does not occur ^o tha€}^2!^ 
the vapor density inside the treatment chamber 7 can 
20 become uniform during this waiting time. The 

silylation reaction has a temperature dependency, in 
which ^hc^Tiigh silylation rate is obtained at ^h£j ^ 
higher temperature. The silylation treatment can be 


performed with the high planer uniformity of the wafer 
25 W by maintaining the ( uniform temperature ^inj the surface 

of the wafer W |^ik^this^ *^ ^^^^ 

Second, by setting the llnterval) between the hot. 



plate 5 and the wafer W to ^^three levels, ^hej^€able 
silylation treatment can be performed without be^ng 
affected by the transitional temperature change until 
the temperature of the wafer W rises high enough where 
5 the silylation reaction progresses. That is, although 

the temperature variability of the wafer W is very 

hile/the temperature of the wafer W rises from 
23 °C to 80 °C, the temperature variability becomes , 
comparatively smaller once it has risen to 50 and 
10 further rises to about 80°C to 90°C so that the 

silylation treatment with smaller temperature 
variability becomes possible. Further, the silylation 
treatment with enough stability can be simply performed 

/"only) by setting the ^Lnterva^ Ttetwe^ln the hot plate 5 

C — — - f\ 

15 and the wafer W to the plural levels to perform the 

treatment, even if there are some problems in the 
structure of the hardware. For example, when the 
silylation reagent is supplied from the upper portion 
of the chamber by using a shower or the like, the shape 

20 of the blow-out ports of the silylation reagent needs 

to be extremely precise, but £h^ "stable silylation 
treatment can be performed according to the present 
invention, regardless of the structure of the blow-out 
ports . 

25 Third, since the silylation treatment is performed 

^nder^^he sealed up space inside the treatment chamber 
7 without reducing the pressure and exhausting, ^h^J 
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variability in ^he^ density can be limited to a minimum. 

Fourth , the wafer W may be lifted up after the 
silylation reagei^Yl a P or is completely exhau^te^. It 


iS^Bossible to, prevent the reaction from ; pjiog.L gaging 
5 (unexpectedlyl on the surface of the wafer W ([by the 
method like thi^. 

Fifth, when replacing the silylation reagent vapor 
by the N2 gas after the completion of the silylation 
treatment, which is performed fby o'nce) spa j cing_±he wafer 
10 W from the hot plate 5 at a predeterminedT^interva^ , so 

that the ununiform silylation reaction can be prevented 
because the cjas can be replaced after setting the wafer 
W atfthd temperature at which the silylation reaction 
|is^liff icult t^^progresjp. 
15 Sixth, when the silylation reagent vapor is 

supplied to obtain uniformity, which is performed after 
its pressure is once reduced, the amount of gas 
existing in the treatment chamber 7 decreases so that 
the uniformity of the density of the silylation reagent 
20 improves. 

Incidentally, the silylation treatment unit 
according to the present invention can be applied to 
^the^ other structures than that of this embodiment. 

First, a silylation reagent vapor supply system is 
25 not limited to the structure shown in FIG. 2. The 

supply system can take /any) ^t rue ture^, for example, th 
structure in which one or plural holes is/are provided 
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in the hot plate 5, through which the silylation 
reagent vapor is supplied into the surface side of the 
hot plate 5, and the structure in which a supply port 
is provided near the exhaust port 17 , through which it 
5 is supplied toward the treatment chamber 7 . 

Second, the lifter pin 10 which holds the wafer W 

r ^ /jf^^^^ — — — 

at a predetermined interval td^trrerliot'plate 5 can move 

betweenTthe7 plural levels , besides the three levels of 

the high level, the medium level and the low level. 

10 Further , it can move continuously from the high level 

to the medium level, or from the medium level to the 

low level. 

FIG. 10 shows an embodiment where the hot plate 5 
is held at more than four levels. FIG. 10 shows the 
15 case where the wafer W moves between ^t he) five levels. 

The treatment in the high level where the wafer W is 
[carri^^iH^the ^.nterva^ ^B^^feen the hot plate 5 and 
the wafer W is, for example, 18 mm) and the ^treatment 
in the} low level where the treatment chamber 7 is 
20 sealed to promote the silylation treatment (the ^^5^-— - 

interval^ between the hot plate 5 and the wafer W is 
0 mm) are the same as the case of the three levels 
(SI to S7, S8 to Sll). In this embodiment, the hot 
plate 5 is gradually moved downward in the! plural ' 
25 1 vels when making the temperature variability inside 

the treatment chamber 7 uniform. 

In this case, the wafer W is"jonce^ held at the 
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position lower than the high level (the jlnterva {{ /tf&st^ 

between the hot plate 5 and the wafer W is, for example , 
7 mm, S6) until the temperature of the wafer W rises to 
a predetermined temperature (50°C, for example). The 
wafer W i^^^ved downward (the ^nterveL^^i^^^L the hot 
plate 5 and the wafer W is, for example, 5 mm, S21 and 
S22) when the temperature inside the treatment chamber 
7 rises (60°C, for example). The wafer W is further 
moved downward (the ^Lnterval| &^E^^~ the hot plate 5 
and the wafer W is, for example, 3 mm, S23 and S24) 
after the temperature further rises (70°C, for example). 

The silylation^rea^^ is continuously 

supplied jthereinto^j similarly to the case shown in 


FIG. 9 until the ^Interval! between the hot plate 5 and 
the wafer W becomes 7 mm to 0 mm. Thus, the wafer W is 
moved downward inj^HglJ±ural levels to^theTTow level 

/finally!, in which the waf eir-W^^ont ac ts the hot plate 5^ 
Accordingly, the wafer W can move^orresponding to the 
change of jthej temperature Variability, compared with 
the case where it is held jonlyj at^Bfie /Tevel of the) 
medium level. Therefore, tthe\silylation treatment with 

(^the| reduced influence of ^th^. temperature variability 
can be performed. 

Note that the present invention can ^£f course^ be 
applied to the case with four levels or six or more 
levels although the example of the wafer W which moves 
vertically in five levels is illustrated in FIG. 10. 


10 
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Further , the interval between the hot plate 5 and the 
wafer W or the temperature inside the treatment chamber 
7 when the wafer W is gradually moving is an example, 
which is not limited to the above. 

Further, the structure of the supply ring 14 can 
be modified to use as follows. In the supply ring 14 
shown in FIG. 11, supply holes 14p, 14q and 14r are 
formed in the inner circumferential surface of the ring 
member 14b, in which the diameters of the supply holes 
^rej^set to} become larger as their positions become 
higher. That is, the diameter of the_supply hole 14p 
which isf positionied atjthe lowermost^ is the smallest, 
the diameter of the supply hole 14q which is positioned 



above is larger than that of the supply hole 14p, and 
15 the diameter of the supply hole 14r which is ^ositioned^j 

at the uppermost^is jset to bey the largest. Thus, by 
setting the diameters of the supply holes which are 
vertically arrayed in the inner circumferential surface 
of the ring member 14b to become larger as the holes 
20 positioned higher, ^he^increased volume of ^the] vapor 

can be supplied to the surface of the wafer W to be 
subjected to the silylation treatment so as to perform 
the treatment more effectively. 

Furthermore, in the supply ring 14 shown in 


25 FIG. 12, a plurality of the supply holes 14a are formed 

in ^lmos^ half of the inner circumferential surface of 
a ring member 14b, and a plurality of exhaust holes 14e 
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are formed /opposingly/ to the supply holes 14a in the 
remaining half of the inner circumferential surface. 
Thus, when the supply hole 14a and the exhaust hole 14e 
are [opposingly disposed £±Ke T^hllp, the vapor supplied 
5 from the supply hole 14a is exhausted^as it isT^from 

the opposing exhaust hole 14e by flowing horizontally. 
Therefore, turbulence does not occur so that 
uniformity of the treatment is improved and ^n} 
excellent exhaust efficiency is obtained. 

10 The holes 9 for vertically moving the lifter pins 

10 are formed in the hot plate 5. As shown in FIG. 14 , 
the inert gas, for example, the N2 gas may be £lewl ^tH^ 
through the holes 9 to the non-treatment surface of the 
wafer W # for example, the back surface of the wafer W. 

15 In the example shown in FIG. 14, a gas supplying 

section 81 and a pipeline 82 are provided for supplying 
the N2 gas to the holes 9. 

It is preferable to start blowing out the N2 gas 
to the back surface of the wafer W ^ ike *thisj when the 

20 silylation treatment is completed and the vapor 

including the silylation reagent inside the chamber 7 
is purged by the inert gas, or when the vapor including 
the silylation reagent is purged from inside the 
chamber 7 by the inert gas and the wafer W starts being 

25 lifted by the lifter pins 10 as shown in FIG. 15. 

It is possible to prevent a deposition from 
adhering to the non-treatment surface of the wafer W by 
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blowing out the gas to the non-treatment surface of the 
wafer W, for example , to the back surface of the wafer 
W. The supply ring 14 shown in FIG. 16 is structured 
so that upper supply holes, for example, 141 and 14m^_ 
5 supply a processing gas, for example, the vapor 

including the silylation reagent to the treatment 
surface of the wafer W, while the lower supply hole 14n 
blows out the inert gas, for example, the N2 gas^jto the 
non-treatment surface of the wafer W^^Smong th^siipf>ly 

10 holes 141, 14m and 14n ^/hic^i are arrayed vertically in 

the inner circumferential surface of the ring member 
14b. Thus, it is possible to supply the processing gas, 
for example, the vapor including the silylation reagent^ 
to the treatment surface of the wafer W, and blow out 

15 the inert gas, for example, the N2 gas to the non- 



treatment surface of the wafer W. Therefore (thejt 
adhesion ^f the deposition^ to the non-treatment surface 
of the wafer W can be prevented. 

Incidentally, the upper supply holes 141 and 14m 

20 may have |:he| structures (in which) the processing gas, 

for example, the vapor including the silylation reageny 
and the inert gas ^aii^fee selectively blown out. 

Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, 

25 the invention in its broader aspects is not limited to 

the sp cif ic details and representative embodiments 
shown and described herein. Accordingly, various 
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modifications may be mad without departing from the 
spirit or scope of the general inventive concept as 
defined by the appended claims and their equivalents • 


